The purpose of this study is determine the equilibrium conditions for the formation of a mixture of propane and normal butane hydrates including temperature, pressure and mole fraction. In order to prevent the formation of hydrates in the cooling path, it is necessary to examine the conditions of hydrate formation and provide solutions. Modeling of hydrate formation conditions was performed using Hydoff software and compared with experimental results in this field, which obtained acceptable error percentage. The range of temperature is between 267-276 °C and the molar percentage of propane is 0.7,0.8 and 0.9 and the mathematical equation was presented to predict hydrate formation. By analyzing the results, it was found that by increasing the concentration of ethane in the presence of other compounds, hydrate growth increased and hydrates formed more stable, also by increasing the concentration of propane and normal butane the amount of equilibrium pressure will decrease.
Introduction
Inhibitors cannot be used because of the need for high purity propane production. Due to the propane storage conditions at certain pressures and temperatures, the effect of reservoir temperature on hydrate formation cannot be exploited. The high percentage of ethane in liquid propane causes problems such as clogging in the chillers and reducing their cooling efficiency. Propane produced has various impurities such as ethane, normal butane, isobutane and pentane and less than 10 ppm water. Propane is stored in reservoirs at specified temperatures, which increases with the increase in ethane and isopentane concentrations, increasing the equilibrium pressure of hydrate formation, which will practically make the hydrate harder to form, and these impurities are negligible but have a major impact on the thermodynamic and thermal properties. The history of gas hydrate discovery is divided into three main periods. The first period is of interest to the formation of gas hydrates scientifically, because the accumulation of water and gas together and as a hydrate phase due to inconsistency with scientific conditions and information at that time was an interesting phenomenon. This period began precisely in 1810 with the discovery of hydrates and continues to this day. The second period is about 1934, when more extensive research was done on the gas hydrate structure, the fact that the congestion of natural gas pipelines at low temperatures was not due to freezing of water and ice, and that the conditions were favorable for the formation of gas hydrates. In other words, this is part of the history of discovering natural gas hydrates about problems caused by the formation of gas hydrates in unwanted situations. On the other hand, in the 1960s, with the discovery of large quantities of these molecules in the lower layers of the earth that contain large amounts of natural gas, much of the history of hydrates was devoted to the fact that nature hydrates has produced millions of years ago. It also reinforced the theory of the existence of water on other planets in the form of hydrates as humans made it possible to reach other planets, such as Mars and discover hydrate sources outside the Earth's atmosphere. Therefore, the present age is the intersection of all three periods of hydrate history [1] . After a hundred years of observing the first gas hydrate crystals in the laboratory, gas hydrates were raised only in scientific circles, and the discussions were focused on only two major axes:
• What molecules are capable of forming hydrate crystals?
• What are the requirements for forming a hydrate crystal? With the rapid growth of the oil and gas industry and the problems caused by the closure of natural gas pipelines and the need for industry to address this problem and the awareness of the conditions for the formation of various gas hydrates, industry and governments have joined scientific circles and demand newer studies of these molecules have been made in areas such as crystal structure and their properties, conditions of formation, how to prevent formation and so on. For this reason, over the last forty years, the hydrate crystals and all the issues involved with them have attracted a great deal of scientific study [2] . Different methods such as gas density graphs, Joule-Thomson expansion, empirical equations, statistical thermodynamics and artificial neural networks have been proposed to predict gas hydrate formation conditions (pressure or temperature). The best way to determine hydrate formation conditions is empirically measured using temperature, pressure and gas composition parameters, but since empirical measurements are impossible due to time and cost. The hydrate formation conditions for any given gas are not empirically feasible [3] .
2. Methods for predicting hydrate formation conditions 2.1. Prediction by using empirical graphs From 1945, gas density diagrams were obtained by Katz and his colleagues. In these graphs the pressure and temperature of the hydrate formation are related to the gas density. Statistical analysis has shown that for a gas mixture with different percentages of components but with the same density, the predicted pressure of hydrate formation has a 50% error. These graphs are plotted using Joule-Thomson gas density and expansion graphs and provide the permitted expansion rates for natural gas of different densities. This method has an average error of 10% [4] [5] [6] .
Statistical Thermodynamics Theory of Van der Waals
The most accurate and accurate statistical techniques were based on the theory of Van der Waals statistical thermodynamics in 1959 to determine the conditions of formation of gas hydrates in equilibrium with liquid water [7, 8] .
Thermodynamic Model of Parish and Perznitz
In this model, the 3-parameter potential of Kihara is used to increase the accuracy rather than the energy of the molecular potential of Lennard Jones. Then the Langmuir constant is calculated and with temperature the hydrate formation pressure is predicted from the van der Waals equation [9, 10, 11] . Although experimental methods have often been replaced by more advanced thermodynamic methods, the need for and use of manual and experimental calculations in laboratory methods is still unavoidable. Experimental methods performed through solid-vapor phase equilibrium constants have been the most widely used.
3. Modeling These systems include the liquid-hydrate-gas phases. Under hydrate formation, the gas phase is assumed to be pure and water-free, which is also a good assumption due to the high pressure and low temperature. There are many thermodynamic models available to predict hydrate formation from the various modifications and modifications suggested by Vdwp's model proposed by Van der Waals [12] . Authors and researchers have recently suggested that alternate static mechanisms underlie the formation of hydrates. The basis and purpose of the vdw-p model is based on the assumption of similarity between hydrate formation and Langmuir absorption. Although the adsorption mechanism is capable of interpreting non-stoichiometric properties and states of hydrates, there are many differences between the two processes. The equations used can be summarized as follows.
Equation Summary to Determine Fugacity of Water in Hydrate [3]
Where 0 is 1 bar, 0 is the Gibbs energy of pure water in the ideal gas state at 1 bar:
∆ 0 = ∆ 0 ∆ℎ 0 = ∆ 0 (11) 
Results
Extensive studies of hydrate formation conditions have been carried out by various researchers so far, and modifications have been made to the original Van der walls model so that it is now able to accurately predict thermodynamic conditions including temperature and pressure of hydrate formation. In the present model, the results are presented solely to predict the performance of the model.
Modeling results were obtained using Hydoff software and propane molar fraction as well as temperature was entered as software and equilibrium pressure was obtained. In Table 1 , the results obtained using software were compared with the experimental results of Kamath & Holder and the average error rate for the data was 10%. The overall results obtained from the modeling by software are presented in Table 4 and, as can be seen, the hydrate formed is structure II, and the molar percentage of propane in the hydrate formed is also calculated and reported. In this table, the variables of hydrate formation, temperature and propane content were input feed and the pressure was obtained as a result of the modeling.
Conditions of hydrate formation include pressure and temperature, water molecule and gas molecule. The hydrate formation process has very similar steps to the crystallization process and involves two stages of nucleation and growth. Studies have shown that if the conditions are right, the hydrate crystal does not form immediately, but rather it takes time for the necessary arrangement between the water molecules to form cages [16] . Given the obtained results and considering that the error rate was an acceptable value, it can be concluded that the modeling can predict the behavior of the propane and normal butane hydrate mixtures and hence at three mole percent 0.7, 0.8 and 0.9 of propane were modeled at temperatures of 267-276 K and the results were reported and for each mole percent a mathematical relationship between temperature and pressure was presented to predict hydrate formation behavior.
In Figures 1 to 3 , diagrams of hydrate formation pressure are plotted in terms of temperature at three moles of propane, and as indicated in each of the three diagrams the hydrate formation pressure increases with increasing temperature. Primary factors affecting the formation of hydrates include the fluid phase that is at or below dew point, temperature, pressure and gas composition, and other parameters including kinetics, system salinity, surface physical type on which hydrate crystals are present, the rate of mixing and density of the system. Generally, hydrate formation occurs with increasing pressure and decreasing temperature until the formation conditions are reached, and increasing the driving force reduces the formation time. Controlling or removing one of the key factors in hydrate formation prevents hydrate formation by reducing the pressure of the gas, dehydrating the system, using insulation or heating to maintain system temperature outside the hydrate formation area. Most of these methods are impractical and sometimes costly. In the mathematical equations 16 to 18, the propane hydrate formation is presented in the molar fraction and the desired temperature limit, and these equations can be used to predict the hydrate formation conditions. Requirements for hydrate formation include low temperature, high pressure and the presence of natural gas or light hydrocarbons in the presence of water. Therefore, one of these three essential factors must be eliminated or controlled to prevent the formation of hydrates.
Conclusion:
Propane hydrate can be used in the storage and transportation of natural gas by the process of gas separation, carbon dioxide absorption from the air, and cold storage. In the present study, the mixed hydrates of propane and normal butane were investigated at a temperature of 267-276 K and in three molar fractions of 0.7, 0.8 and 0.9 and the equilibrium pressure was obtained. The results obtained by modeling were compared with the existing experimental results and the mathematical equation was presented to predict the hydrate formation conditions. 
